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In an optically variable device consisting of piiccb at least one pixel (1) is a graphical reproduction of a phase of a Fourier tr 

crf a map (M) of viwra« angfes defined for cacli such jMxel (1). An optically vaiiable device is recorded through ilSamiiiating. x.^ 

opening of a shiitier iridi an expmded and convergent beam (L) of laser lighu an image (6) of the pixel map, obtained as a graphical 
icproductkm of a phase of the Foorier transform of die map of viewing angles, and the map is dien reduced to a desired 8i2e with a lens 
(4). Subseqoendy. Oe shutter (2) diuts off the laser light beam (L) and d» (riiousensidve material «4me an optically variable device is 
recorded, is moved on to the next pixel with the use of an XY moving (S) and the procedure is repeated. A recorder of optic^y 
variaWc devices is provided widi an image (6) of the pixcS map between an cxpaitda- (3) of the laser light beain (L) md the tens (4). 
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Optically variable device (OVD) and a method of recording OVD 
and m OVD recorder. 

FIELD OF THE INVENTTON 

The subject of the present invention is an OVD and a method of recording said 
OVD and a recorder realising this method. 

BACKGROUND OF THE INVENtlON 

OVDs in the form of di£Bracdve stnicbires and holograms with resolution of some 
1000 line pairs per mm ^pical for such dements are fiequentiy used for many purposes, e.g. 
as authenticating elements. Mosaics of di£S:acdon gratings are good exanq>les of such 
el<Hnents. One of the best known ^es of OVDs is a "Kinegram" disclosed in Swiss patent 
04576. Images visible on the Idnegram anootfafy change depending on the viewing ang^e. 
This effect is achieved by (tividing thei dement plane into pixels which are fiirther divided 
mto a number of firagments, imperceptible to the naked eye, the fragments bang assigned to 
pardcular images. Fragments of dsfierent pbcels coiresponding to a given image are 
provided widi straight difiraction gratings in such a manner that all there pbcels difiract light 
into one direction, so this image is visUe at a proper viewfaig angle. Where tiie viewing 
angle is changed, pbcel fiagments correqxHiding to another imstge become visible. The main 
disadvantage of such OVDs b a limitation of the number of images which may be recorded 
on one OVD to a certain predefined number and a limitation of resolution used in OVD 
recording. In fmrticular it is impossible to produce this way an OVD containing smoothly 
changing high resohition images. 

In Japanese patents JP 26684/91 and JP 79080 are described methods of recording 
OVDs in vAadk curvilinear diifiaction gratings with precisely defined grooves shapes are 
used. This enables to obtain desired effects of optical vaiiabSity. It is also possible to record 
OVD using lithogi^htc techniques. Its main disadvantage is a high cost of die process and 
relevant equipment to carry it out 

Anodier method of recordingiOVD is disclosed in US Patent 5262879. In this 
method, a flat image scanned into thei computer memory is converted into diffi^on 
grating pbcels forming an OVD. Thisigrating is recorded pixd pbcd on a photosen»tive 
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suifece using an optical laser recorder. The diLvantage of this method is its smaO 
flexibiHty, i.c a iimited range of potential OVDs possible to make. 

The method described in the present invention eliminates the disadvantages 
mentioned above. 

OVDs may be recorded with the use of devices, consisting of a laser, a shutter, an 
optical beam expander, a rotationally mounted difl&actioti grating, a convagent lens in 
whose ibeal point a diaphragm in the form of a dark point shading undifl&acted light is 
provided. Tlie other lens produces a properiy reduced image of the grating with doubled 
line pairs on the photosensitive material tecated on a computer-driven XY moving stage. A 
disadvantage of such a recorder is a limited range pf potential OVDs. which may only 
contain fixed size diffiaction gratings with different angular orientations. 

The recorder described in the present invention eliminates the disadvantages 
mentioned above. 



SPMMAHV OF THE HW1PNnn| >^ 

The subject-matter of an OVD is that at least one of ite pixels is a graphical 
reproduction of a phase of a Fourier tnuisfom of the map of viewing angles defined for 
each such pixel 

Advantageously, at least one such pixel lies near a rainbow hologram. 

The subjea-matter of the method of recording OVD is that after opening the shutter 
an expanded and convergent beam of the laser Ught iUuminates an image of the p«el map 
obtained as a graphical reproduction of a phase of a Fourier transform of the map of 
viewing angles. The map is then photoreduced using a lens to proper size, the shutter shuts 
off the laser Ught and the photosensitive material where an OVD is recorded is moved to the 
position of the next pixel using an XY moving stage and the procedure is repeated. 
Advantageously, the convergent beam of the laser light is, after passing through the image 
of the map of the pixel, modified by a fiUer, lying in a ptone where the Fourier transform of 
map is formed by lens. Advantageously, the Fourier transform of the map of viewing angles 
IS calculated using the iterative Fourier transform algorithm. 

The subject-matter of Ac OVD recorder is that between the expander and the lens 
an image of map of the pfacd is provided. Advantageously, in the beamM«pander focal plane 
there B a filter modifying the Fourier spectnm. of the pbtel image. 
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BRIEF DESO tTPTION OT THE DRAWINGS 

The invention is shown in an embodiment presented schematically on the drawing 
where Fig. 1 shows an OVD and a map of viewing angles for one pixel. Fig. 2 shows the 
method of an OVD recording and Fig.3 shows an OVD recorder realising the method. 

DETAILED DFSrRTFnONOF THE INVENTKM 

An opticaUy variable device (OVD), (Fig.!) contains a dif&active strurture 
consisting off smaU pixels 1 which arc pure phase Fourier holograms of maps M of viewing 
angles of these pixels. Eveiy such map M contains an image composed of light pomts 
against a black background. An angle a between a segment of a line from the middle Q of 
the msp of angles to any of die light points and an QX axis represents one direction of the 
element's viewing, the length R of this segment represents spatial frequency for this pixel 
and the angle of the element's inclination needed to view this pixel, and the value of the 
point's brightness represents a relative intensity of light difiracted in this direction and 
spatial frequency. A complete image composed of such points forms a map of viewing 
directions, in which the pixels diffract Ught when Blumincd with monochromatic Ught. For 
example, an OVD containing two. partially overlapping images QA and 1^ which should 
be visible within different ranges of Viewing angles EA and EB contains at least 3 types of 

1. the pixels contained only in the QA image area, whose map of viewing angles contains 
only the light area £^ 

2. the pixels contained only in the fiB image of viewing angles contains 
only the light area {B. 

3. the pixels contained in the common part of the QA "nd theiffi image areas, whose map 
of viewing angles contains the fight area being the sum of areas M and £g. 

The map of viewing angles for each pixel is represented in the computer by a matrix 
of complex numbers whose amplitiides are equal to brightnesses of corresponding points of 
the map of viewing angles, and phies are assigned in the form of a so caUed difiiiser. being 
a matrix of complex numbers with aptitudes equal to 1, composed in a way securing 
maximum uniformity of the distribution of values of amplitude in the Fourier transform of 
this matrix. The simplest diffiiser is the random difiRiser, being a matrix of complex numbers 
with randomly assigned arguments. The matrix composed in this way is then Fourier 
transfbnned, and from the resulting complex matrix only its phase (argument) values are 
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stored in memoir. The phase values matrix is graphically represented as an hnage of 
thepncd, the subsequent greyscale level, reprcsentsubscqucnt phase v^ues 
Tymcally. this pixel image is composed of irregular lines. Distances between these lines are 

moreorlessconstant.especiallyi„thecaseofamapcontai«in8onlytheEAar«^ The 
nnage of the pixel is recorded, in a proper scale (giving the line, ^solution of some 600- 
1500 ImesAnm). on a idief photosensitive material (photoresist), where the gray levels of 
the pixel map are reflected in the relief depth. 

Acolo^d. flat; optically invariable image(e.g.graphics)oraset of such imag^ 
converted to an OVD consisting of pixels described above in a way ensuring the best 

readaWUtyaflerilhrnmrntion with white light fiom proper directions. In this example, an 
miageQA is v^^leataconstant vertical inclination of the OVD 
honzontalindination angles, and aniffiimage is vis,l,le when th^ 
m relation to the Kght source and rotated in its phme at a«y value. 

Besides the pixels being Fourier hofograms of maps of viewing angles, the OVD 
may contain a rainbow hologram, commonly used as an authenticating element ITie 
nunbow hologram may be recorded as an analog hologiam in a traditional optical 
arrangement or as a computer generated rainbow hologram using a computer controlled 
recorder described later. Inclusion ofa rainbow hologram in the OVD described above 
enhances its esthetical value. 

The method of recording of an OVD resides in the fbUowing: 

1. AWtransfonnofthemapofviewinganglcsiscalculatedandagrayscal^ 

«3 phase(argumem) beingapbcel image £is printed on .transparence or dispfayed on a 
spatial li^t modulator, 

2. ;^«P««^^«6 istbeniUuminatedwithanexp«,ded,convea^ 
hght. 

3. «^8thelens4.thepixdmapisreducedtop.operli„e»densityonapha.os^ 
material. 



4. ''•-^"g^'tbeamLisshutoffusingashuttera.andthephotosensit^ 
to the posmon of the next pad using an XY moving stage 5. 

5- *«*«^rthenopensandtheprocedureisrepeateduntilaUthepixdsofOVDare 
exposed. 
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the pixel viewing angles is optically repro«iu«^st^ 
which OVD should not be visible. 

It is also advantageous, when the Foarier transfonn (FT) of the map of viewing 
angles (MVA) is calculated using an iterative Fourier transform algorittan OFTA). to obtain 
auniformvaiueofthetransforrn amplitude, whichbimpossible with the use ofad^ 
oftheFouriertnu^fonn calculation. In ttelFTAthe complex inatrix of the 
MVAis filled with complex numbers ^ose amplitudes correspond to MVA values and 
random mimber are assigned to argumcnts(an«Kiomdiffi«er is appUed). Then the d«^^ 
FT is applied and the amplitudes of resuteng complex matrix elements are unrfbnn,sed (..e. 
they aU receive the same value. usuaUy 1) without changing their arguments. Subsequently, 
thereverseFT is calculated (thus returning to the MVA domain) and the ampUtudes of 
matrix Clements are filled with MVA values with no change to elements phases. This loop ^ 
repeated several times (usually 5-20) and completed after the direct FT calculation 
producteg a complex matrix with highly lunifbrmised amplitudes of elements and venr good 

qualtoy of MVA restoration. 

TheOVD recorder. Rg.3. consists ofaheer which is thesource for the beamLof 

monochromaticlight Bd.ind(or within) thelaser there isashutterlandabeamexpan^^^ 

iwhich formsan expanded, converge^tbeamoflaserUght with its focal point b^^^ 

fiont of the lens4photoredudngtheimage6of the pixel map, which is locatedb^^^ 

«xpander3andthelens4. on the photc^ensitive material located on 

TT,erecorieriscontn,llcd by an exterrud computer openingtheshu^ 

movement of the XY st^e. . , , 

modii^g MVA restoration. 
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1. 



™<™!.ngtedcSttd6r«d.»KjipKdCU 
PKM lies near a rainbow hotogram. 

and the procedure is repeated. 
«panderQ) and the lens 0). 
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